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TEST RESULTS FROM THE NASA/ROOCWELL INTERNATIONAL SPACE 
SHUTTLE 0.0175-SCALE ORBITER MODELS 56-0/60-0 AND 0.04-SCALE 
ORBITER FOREBODY MODEL 83-0 CONDUCTED IN THE NASA/ARC 
3.5-FOOT HYPERSONIC WIND TUNNEL (TEST OHllO)’ 

by J. Gee 

Rockwell International STS D&P Division 
ABSTRACT 

Test OHllO was conducted in the NASA/ARC 3.5-Foot Hypersonic Wind Tunnel to ■ 
obtain arbiter heating data to establish Mach number sensitivity of arbiter 
in yaw. These tests were conducted from November 17, 1980 through December 
12, 1980 and from January 21, 1981 through January 30, 1981. The NASA-AMES 

V 

identification number was ARC-3.5HWT-253. The test title was "Heat-Transfer 
Tests of the Space Shuttle 0.0175-Scale Orbiter Models 56-0/60-0 and 0.04- 
Scale Orbiter Forebody 83-0". 

The tests were conducted at nominal Mach numbers of 5.3 and 7.3 using the 
'^hin-skin thermocouple technique. Simulated unit Reynolds numbers were 2.0, 
3.7, 5.0 and 9.0x10® . The models were tested at ‘angles of attack of 20, 22.5 
25, 27.5, 30., 32.5 and 34.2 degrees at sideslip angles of 0, ±1 and ±2 degrees 

A total of 81 runs were obtained. Summary of the test run per model is as 
follows: 



Runs 

1 - 13: 

Model 

83-0 


Runs 

14 - 29: 

Model 

56-0 


Runs 

30 - 81: 

Model 

60-0 
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INTRODUCTION 


This report contains data from wind tunnel tests in the NASA/Ames 
Research Center 3.5-foot Hypersonic Wind Tunnel. The tests were 
conducted during the periods from November 17 to December 12, 1980, 
and from January 21, 1981 to January 30, 1981 for a total of 168 
occupancy hours . 

The objective of the test was to obtain orbiter heating data to 
establish Mach number sensitivity of the orbiter in yaw. Data from 
75 30-gage iron-constantan thermocouples (T/C’s) were recorded on 
magnetic tape. 

Tests were conducted under conditions at a nominal stagnation tem- 
perature of 1300° Rankine, simulating free air at Mach numbers 5.3 
and 7.3 with corresponding Reynolds numbers of 2.0 to 9.0 x 10® /ft. 
The model's attitude varied in angle-of-attack from 20° to 34.2° 
with yaw angles of 0, ±1 and ±2 degrees. 

Model 60-0 was tested with the vertical tail speedbrake configura- 
tion at 0 and 49 degrees. 
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NOMENCLATURE 


(« 


SYMBOL 

MNEMONIC 

DESCRIPTION 

a 


Intercept of straight line curve fit (generalized) 

AFFDL 


Air Force Flight Dynamics Lab 

b 


Thickness of model skin 

B.P. 


Butt plane 

C 


Specific heat of model skin material 



Specific heat of air stream (perfect gas value) 

Co»Ci.C2 


Curve fit constants 

6Tw/(St 

DTW/DT 

Rate of change of wall temperature, °R/sec. 

h 

H 

Heat transfer coefficient at model wall for given 
thermocouple location, BTU/f t^— sec— °R 


HREF 

HS SPHERE 

Stagnation point heat transfer coefficient for 
reference sphere, BTU/f t^-sec-®R. 

®aw 

HAW 

Adiabatic wall enthalpy 


HT 

Frees tream total enthalpy 

Hwi 

HW 

Enthalpy based on model wall temperature for a 
given thermocouple location at Initial time. 

h/hs 

H/HREF 

Ratio of model heat transfer coefficient to heat 
transfer coefficient of reference sphere (usually 
followed by appropriate recovery factor, R = 1.0, 
R = 0.9 or R = 0.85 


H(TT) 

Heat transfer coefficient of reference sphere 
with recovery factor of 1.0, BTU/f t^-sec-°R 


H(9TT) 

Heat transfer coefficient of reference sphere 
with recovery factor of 0.9, BTU/ft^-sec-°R 


H85TT 

Heat transfer coefficient of reference sphere 
with recovery factor of 0.85, BTU/ft^-sec- R 


A 



I 


* 
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SYMBOL 


M 

m 

OMS 


Po 

Pt 

q 


qi 


Rn 

R 

Rs 



t 

^aw 


NOMENCLATURE (Continued) 

MNEMONIC DESCRIPTION 

H.L. Hinge line 

LINE Word used to define array of T/C’s on 83-0 

model canopy 

L.E. Leading edge 

MACH Freestream Mach number 

Generalized straight line slope 

OMS Orbital Maneuvering System 

PINF Freestream static pressure, psia 

PT Freestream total pressure, psia 

Q Freestream dynamic pressure, psl 

QDOT Heat transfer rate at model wall for given T/C 

location at initial time; BTU/ft^-sec 

QREF Heat transfer rate at stagnation point of refer- 

ence sphere at initial time, BTU/ft^rsec. 

RN/L Freestream Reynolds number per foot X 10~^ 

R Recovery factor. 

R Reference sphere radius, ft. 

RAY Word used to define array of T/C's on 83-0 

• model canopy 

SIN NO Stanton Number 

TT Tunnel freestream total temperature, °R 

Model wall temperature for given thermocouple 
location at initial time, ^R 

Time, sec 

Adiabatic wall temperature, °R 
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NOMENCLATURE (Concluded) 

SYMBOL 

MNEMONIC 

DESCRIPTION 


T.E. 

Trailing edge 

v„ 

VINF 

Frees tream velocity, ft/sec. 

W 


Density of model skin material, Ibm/ft^ 

(X/C)^ 

XV/ CV 

Percent of Vertical tail chord 

(X/L)b, 

X/L(REF) 

XB/LB 

X/L 

Percent of Body Length 

Xo 

XO 

Full scale dimension from a point 235 inches 
forward of orbiter nose, inches (longitudinal) 

Xo 

YO 

Full scale dimension from orbiter centerline, 
inches (lateral) 

Zo 

ZO,ZB 

Full scale dimension from reference point 
parallel to Z-axls, inches (vertical) 

(Z/B)v 

ZV/BV 

Percent of Vertical tail height 

a 

ALPHA 

Model angle of attack, degrees 

B 

BETA 

Model sideslip angle, degrees 

•^SB 

SPDBRK 

Speedbrake deflection angle, degrees 


ELEVON 

Eleven deflection angle, degrees 

y 

MU 

Freestream viscosity, Ib-sec/ft^ 

p 

RHO 

Frees tream density, slugs /ft^ 


PHI 

Model roll angle, degrees 

Subscripts 



aw 


adiabatic wall 

i 


initial time 

t 


total condition 

w 


wall 
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INSTRUMENTATION AND CONFIGURATIONS INVESTIGATED 


MODEL 83-0 ; 

The Model 83-0 is a 0.04-scale forebody model with thermocouples spot- 
welded to the thin-skin surfaces. The model was constructed of 17-4 PH 
Stainless Steel with instrumented areas having a nominal skin thickness 
of 0.030 inches. Only the forward 50 percent of the fuselage was repre- 
sented. The model was constructed to Rockwell International Orbiter 
VL70-000140C lines as described for the following 83-0 model components; 

B60 Fuselage (50% X/L) 

CIO Canopy 


The following thermocouples (T/C) were used for this test: 


No. (T/C) Used Component (T/C) ID 


(T/C) Type 


44 

6 

25 


Canopy 

Hatch 

Upper 

Fuselage 


See< Table IV Chrome 1-Cons tantan 

I Chromel-Cons tantan 
Chromel-Cons tantan 


MODEL 56-0 

The Model 56-0 is a 0.0175-scale model of the Rockwell International 
Vehicle 5 configuration. This model was originally model 2B of the 
phase-change paint models. The model has been modified by placing a 
thin-skin insert in the left-hand side of the fuselage which is contoured 
to the VL70-000140C vehicle lines. Instrumentation consists of 80 thirty- 
gage chromel-cons tantan thermocouples spot-welded to the 17-4 Ph stainless 
steel insert which has a nominal skin thickness of 0.020 Inches. 
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INSTRUMENTATION AND CONFIGURATIONS INVESTIGATED 

(Continued) 


Only 75 thermocouples were used for this test due to facility instrumen- 
tation limitations. The nomenclature used to describe model 56-0 vehicle 
5 configuration is as follows: 


Component Definitions 


B62 

Fuselage 

C12 

Canopy 

E52 

Elevon 

FIO 

Bodyflap 

M16 

OMS pods 

W127 

Wing 

V30 

Vertical Tail 


For individual thermocouple locations, see Table V. 
MODEL 60-0: 


The model 60-0 was a 0.0175-scale thin-skin thermocouple model of Rock- 
well International Vehicle 5 Configuration. This configuration reflects 
VL70-000140C vehicle lines. 


The model 60-0 was constructed of 17-4 PH stainless steel with a nominal 
skin thickness of 0.030- inch in the instrumented areas. 


The following nomenclature was used to describe model 60-0 components 
for this test: 


Component Definitions 


B62 

Fuselage 

C12 

Canopy 

M16 

OMS pads 

W116 

Wing 

E52 

Elevon 

V8 

Vertical Tail 

R18 

Rudder 

FIO 

Bodyflap 
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INSTRUMENTATION AND CONFIGURATIONS INVESTIGATED 
(Continued) 


Yaw angles were achieved by using a special adapter In the model support 
for tests at sideslip angles of 0, ±1 and ±2 degrees. 

The following thermocouples (T/C) were used with this test model: 


No. (T/C) Used Component (T/C) ID 


(T/C) TYPE 


11 

11 

53 


Speedbrake See Figure 2 

Canopy See Table VII 

OMS Pods See Table VI 


Iron-Cons tantan 
Iron-Cons tantan 
Iron-Cons tantan 


A listing of model bad thermocouples appears on the following page. 


INSTRUMENTATION AND CONFIGURATIONS INVESTIGATED 
(Concluded) 

LISTING OF MODEL BAD THERMOCOUPLES 




Model 

Run 

Thermocouple No. 

Remarks 


83-0 

1-13 

412 

Unstable (upper fuselage thermocouple) 

56-0 

14-29 

None 

All thermocouples are good 






Skin-Thickness 

60-0 

30-81 

6 

Replace with thermocouple 61 

0,029 



33 

58 

0.037 



195 

177 

0.040 



360 

381 

0.038 



371 

382 

0.0298 

60-0 

51-81 

7 

Open 




8 

Open (Unstable) 



63-81 

2 

Vary with (-) readings 



% 
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TEST FACILITY DESCRIPTION 


The NASA-Ames 3.5-Foot Hypersonic Wind Tunnel is a closed-circuit, blow- 
down-type tunnel capable of operating at nominal Mach numbers of 5, 7, 
and 10 at pressures to 1800 psia and temperatures to 3400°R for run 
times to four minutes. The major components of the facility include a 
gas storage system where the test gas is stored at 3000 psi, a storage 
heater filled with aluminum-oxide pebbles capable of heating the test 
gas to 3400°R, axisymmetric contoured nozzles with exit diameters of 42 
inches for generating the desired Mach number, and a 900,000 ft^ vacuum 
storage system which operates to pressures of 0.3 psia. The test sec- 
tion itself is an open-jet type enclosed within a chamber approximately 
12-feet in diameter and 40-feet in length, arranged transversally to the 
flow direction. 

A model support system is provided that can pitch models through an 
angle-of-attack range of -20 to +20 degrees, in a vertical plane, about 
a fixed point of rotation on the tunnel centerline. This rotation point 
is adjustable from 1 to 5 feet from the nozzle exit plane. The model 
normally is out of the test stream (strut centerline 37-inches from 
tunnel centerline) until the tunnel test conditions are established 
after which it is Inserted. Insertion time is adjustable to as little 
as 1/2 second and models may be inserted at any strut angle. 
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TEST FACILITY DESCRIPTION (Concluded) 

A high-speed, analog-to-digital data acquisition system is used to record 
test data on magnetic tape. The present system is equipped to measure 
and record the outputs from 80 transducers in addition to 20 channels 
of tunnel parameters. 


i 
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TEST PROCEDURES 


Model 83-0 was sting mounted through the rear of the orbiter 50 percent 
forebody base at X© 880.15. Models 56-0 and 60-0 were sting mounted 
through the orbiter ’s base. All instrumentation leads passed through 
the model stings and were routed externally along the main sting for 
approximately 3 feet to allow for model pitch, roll and yaw. 

The thermocouple leads were connected to the tunnel’s patch board 
individually. Data from 75 thermocouples were recorded on magnetic 
tape at 0.07 second intervals. The model was cooled uniformly to 
approximately 20°F, then the model was inserted into the test section 
and data were recorded. Total time on centerline was approximately 
one second. 

Before and after each test run, tabulated monitor data were checked to 
insure that the model was Isothermal and all thermocouples were func- 
tioning properly . 



DATA REDUCTION* 


All test data were reduced at the NASA Ames Research Center using the data' 
reduction techniques outlined below. The thermocouple data were reduced 
using the one-dimensional, thin-wall equation: 

4 . WCb - h - H.,) $ hHt ( ^ - ^ ) 


which neglects heat-conduction losses. 


Assuming that W and h are constant and 

C = Co+CiTw+C2Tw^ for Tw ranges, (2) 

the integration of equation (1) for t = t^ to t and T^, = Twj_ to T^ yields 

the linear equation: 


f(T„) = -S'O 


/Taw-Tw \ f Cl C2 / Tw + Twi \ 1 


(T,, “ 


hCr 


WGaw^ 


(t - ti) 


(3) 


where it is defined that: 

T' - _ ^aw ^ > /T ■) 


aw 


®t ‘^p 


aw'PG 


Caw = Cq + C][ Tj^„ + C2 Tq^^ 


(4) 

(5) 


^ specific heat at adiabatic wall temperature 


* Data Reduction Section contributed by Mr. W. K. Lockman, Ames Research 
Center. 
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DATA REDUCTION (Continued) 


The form of Eq. (3) is f(T„) = mt + a where m is the slope and a is the 
intercept for a straight line if heat-conduction errors are negligible. 
Thus, deviations from a straight line can indicate heat conduction effects. 


The slope, m, of f(Tw) vs t from Eq. (3) is computed by a least— squares, 
straight-line fit over a finite time interval (approximately one second) 
beginning when the model reaches uniform tunnel flow. The value of the 
heat- transfer coefficient, h, is then determined from: 


WCaw^ 
m 


( 6 ) 


Using this value of h, the heat- transfer rate is evaluated at the initial 
time, t^, when the model is isothermal at the initial wall enthalpy, 

4 = qi = h (fiaw ~ = ^®t “ g^^ ) (7) 


where is the same value used to evaluate h. The resultant value of 

q is independent of the value of used for both the h and q evalua- 

tions . 


The reference sphere heating is also evaluated at the initial wall enthalpy 
by the method of Fay and Riddell (Ref. 1); 


4s = hg (Ht - H^,^) s hg Ht (1 


.0 - _-i) 


( 8 ) 


The model-to-sphere ratio of heat transfer coefficients was then deter- 
mined from Eqs. (7) and (8) as 
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DATA REDUCTION (Continued) 


_ = 
s 


1.0 - ^i^^t 


Haw/Ht - 

where is constant for all values of To determine h/hg for 

various values of the particular value of is substituted 

into Eq. (9) . 

The Stanton number is defined as 


(9) 


St = — 




pu Pu(Hg^ ” 
where for freestream conditions, pu = Poc Voo. 


( 10 ) 


The calculations of the model heating, reference sphere heating, and 
Reynolds number included the corrections of NACA report 1135 (Ref. 2) for 
calorically imperfect, thermally perfect air. Keyes equation for viscos- 
ity (see Ref. 3) was used for the sphere heating and Reynolds number 
computations : 


0.0232 X 10~^ 

1 + X 10"^'^’^ 

T 


( 11 ) 


where the units for T and y are °R and Ib-sec/ft, respectively. 


Material Properties 


The instrumented areas of the model were constructed of 17-4 PH stain- 
less steel. The material themal properties necessary for thin wall T/C 
data reduction are listed below. 


« 
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DATA REDUCTION (Concluded) 


Material density; W = 490 Ib/ft^ 

Material specific heat: c = 0.0797 + 5.556 x 10 ^ 


X BTU 
lbm-°R 
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TEST 


DATE : 


TABLE X TEST CONDITIONS 


MACH NUMBER 


REYNOLDS NUMBER 
(per unit length) xio' 




DYNAMIC PRESSURE 
(pounds/sq. inch) 


STAGNATION TEMPERATURE 

(degrees Fahrenheit) *>0 



BAUNCE UTILIZED: _ 

Not CeBoxAED 


NF 

CAPACITY: ACCURACY: 

COEFFICIENT 

TOLERANCE: 

SF 



AF 



PM 



RM 



YM 



COMMENTS: 
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TABLE III 



Sp^e Division 
Nor^'American Rockwrt 


MCX>EL DIMENSIONAL t)ATA 


model dimensional data 

MODEL COMPONENT BODY - • 

GENERAL DESCRIPTION *• 50% orbiter forebody, vehicle 140C. 

KOTE; This body includes a snian portion of the wing glove. 


MODEL SCALE; 0. 040 (SS-O Mcjpei^ 

DRAWING NUMBER : VL70-000140C 

DIMENSIONS: FULL SCALE MODEL SCALE 

Length 645. 15 25.80 

Mox Width 330.00 . 13. 20 

Max Depth 

Fineness Rofio 

Areo ____________ • . 

Mox. CfOss^Sectionol ____________ 

Plonform ____________ ____________ 

Wetted ___________ ___________ 

Bose ■ 
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TABLE III. MODEL DIMENSIQKAL DATA (Continued) 
MODEL CCMPC5EHT: BODI - Bg2 

GENERAL DESCRIPTION: Configuration l^iOC orblter fuselage, MCR 200-R4. 

Similar to 140A/B fuselage except aft body revised and improved mid- 
body -wing -boot fairing, Xq * 9^ to X© « 10^. 

MODEI. SCALE: 0.0175 (^Models S£-0 4 ^0-d>) 

DRAWING NIMBER: VL7O-OOOIJ4OC, -000202C, -000205A 


DIMENSIONS: 

PULL SCALE 

MODEL SCALE 

Length (IML: FWD Sta, Xo®238), In. 

1290.3 

22.58 

Length (CML: FWD Sta. Xo»235), In. 

1293.3 

22.63 

Max. Width (At Xq « 1528.3), In.^' 

264.0 

4.62 

Max. Depth (At Xq = ll«64). In. 

250.0 

4.38 

Fineness Ratio 

4.899 

4.899 


Area, Ft.^ 


Max. Cross-Sectional 


3^»0.885 


0.104 


TABLE III (Continued) 

MODEL DIMENSIONAL DATA 



Space Division 
North Amef can RockweR 


MODEL COMPONENT ; CANOPY -• Cip | 

^ GENERAL DESCRIPTION *• Configuration 4 canopy and windshield as o aed 


with gix glasB panes in windshield. 


■ MODEL SCALE; 0. 040 , C S3 -Q /iOIfejS) 
DRAWING NUMBER : VL70-000140B. 140C> 202B 


DIMENSIONS:’ FULL SCALE MODEL SCALE 

Length =434.643 to 670), In. 235.357 9.414 

Mox Width * 

Mox Depth 28.00 1. 12 

Fineness Rotio 

Areo ________ 


Mox. Cross-Sectional __________ 

Plonform __________ 

Wetted __________ ________ 

Bose ' _________ 

Noae/windshield intersection, 434.643 17.386 
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TABLE III. MODEL DIMERSI(»CAL DATA (Continued) 


MODEL CCMPCarENT: CAHOPY - Cjg 

GENERAL DESCRIPncaf: Configuration ll*OC orbiter canopy. Vehicle 

cabin Ho. 31 updated to MCR 200-Rl». Used vith fuselage B 63 . 


MODEL SCAM: 0.0175 (M^esle/s 


DRAWING inWBER: VL70-OOOli»OC, -000202B, 

-OOO 20 U 


DIMENSIONS; 

BULL SCAM 

MODEL SCAil 

Length bo 578)» In* 

li»3.357 

2.508 

Max, Width (At Xo«513*127), In. 

152 . Ul 2 

2.667 

Max. Depth (Zq- 501 to U49.39), In. 

51.61 

0.903 


TABLE III« MODEL DIMENSIONAL DATA (Continued) 


MODEL CCMPCNENT; ELEVCW - E52 

GENERAL DESCRIPTION; Eleven for configuration l^tOC. Hinge line at Xq 
1387, eleven split line Xg « 312. 5 » 6.0", beveled edges, and center- 
bodies . 

MODEL SCALE: 0.0175 (Madifs 0 / 4 o-o) 

DRAWING NUMBER: VL70-000liK)C, -OO6089, -OO6O92 


DIMENSIONS : 

FULL SCALE 

MODEL SCALE 

Area, Ft^ 

210.0 

0,06k 

Span (equivalent). In. 

3^*9.2 

6.111 

Inb'd equivalent chord, In. 

U8.0 

2.065 

Cutb'd equivalent chord. In. 

55.19 

0.966 

Ratio novable surface chord/ 
total surface chord 

At Inb'd equiv. chord 

0.2096 

0.2096 

At Outb'd equiv. chord 

0.1t004 

o.kook 

Sweep Back Angles, degrees 



Leading Edge 

0.0 

0.0 

Trailing Edge 

- 10.056 

- 10.056 

Hingeline 

0.0 

0.0 

Area Moment (Product of area 4 c), Pt3 

1587.25 

0.008 

Mean Aerodynamic Chord, In. 

90.7 

1.587 

Hlngellne dihedral (origin at 

Zo - 261.3509), deg. 

5.229 

5.229 



TABLE III. MODEL DIMENSIONAL DATA (Continued) 
MODEL CCMPCWERT; BODI FIAP - 


GENERAL DESCRIPITC»: Configuration lltOC body flap. Hingeline located 

at Xo « 1532, Zo “ 287 . 

MODEL SCALE: 0.0175 f ^o-o) 

DRAWING NIWBER: VL70-0001i»OC, -355114 

DIMENSIONS: 

PULL SCAIZ 

MODEL SCALE 

Length, (Xq- 1525.5 to Xo«l6l3), In. 

87.50 

1.531 

Max. Width, (At L.E., Xo»1525.5), In. 

256.00 

4.480 

Max. Depth (Xq « 1532), In. . - 

p 

Area, Ft 

19.798 

0.346 

Max. Cross-Sectional (At H.L.) 

35.196 

0.011 

Planform 

135.00 

0.041 

Base (Xo « I 613 ) 

4.89 

0.0015 


27 


TABLE III, MODEL DIMENSIONAL DATA (Continued) 


MODEL CCMPONEHT: CMS POD - M^g 


GENZBAL DESCRIPTIOK: Configuration li*OC ortlter CMS Pod 

- Short pod. 

MODEL SCALE: 0.0175 - 

0 


DRAWING NIW3ER: VL70-0081«01, -008^^10 



DIMENSIONS: 

PULL SCALE 

MODEL SCALE 

Length (CMS Ftfd. Sta. Xq- 1310.5), In. 

258.50 

4.524 

Max. Width (At Xo * 1511), In. 

136.8 

2.394 

Max. Depth (At X© » 1511), In. 

7^^.T0 

I.3OT 

Fineness Ratio 

2Mh 

2.484 

Area, Pt^ 



Miu. Cross-Sectional 

38 . 86 k 

0.018 
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TABLE III. MODEL DDIESSIONAL 'DATA (Continued) 

MODEL C(MPONEriT: KUDDEH - Ri 8 

GSJERAL DZSCEIP2ION: Bie rudder is a secondary movable airfoil at the 

trailing edge of the vertical fin that Imparts yaw forces. Ihls 
dimensional data was calculated frm the CML master dimensions. 


MODEL SCALE: 0.0175 (Mode/ 

(C' o] 

\ 


DRAWIMG NUMBER: Vehicle 5 Configuration MCR 200, Rev. 7 


DIMENSIONS: 


FULL SCALE 

MODEL SCALE 

Area, Ft^ 


97.8i^ 

0.030 

Span (equivalent), In. 


198 . 6 llt 

3. 1^71: 

Inb'd equivalent chord, In. 

- - 

97.07 

1.699 

Outb'd equivalent chord, In. 


50.80 

0.889 

Ratio novable surface chord/ 
total surface chord 

At Inb'd ecuiv. chord 


O.itOO 

0 . 1*00 

At Outb'd ecuiv. chord 


0 . 1:00 

0 . 1*00 

Sweep Bad: Angles, degrees 

Leading Edge 


3i*.833 

3^^.833 

Trailing Edge 


26 . 21*9 

26 . 21*9 

Hinge line 


3^*.833 

3i*.833 

Area Mcnent (Product of Area & 

c), Ft3 

593.889 

0.003 

Mean Aerodynamic Chord, la. 


72.&UO 

1.275 
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TABLE III* MODEL DIMEZBiaiiAL DATA (Contlaued) 


MODEL CCMPOMEBT: VERTICAL - V8 

GEHERAL DESCRIPTION: Configuration 1^40C orbiter vertical tail 

(identical to configuration lUOk/B vertical tail). 

MODEL SCALE: 0.0175 4, o ' <? ) 

DBAWIBG HUMBER: VL70-OOOli»OC, -0001146B 


DIDfEHSI^lS : 

FULL SCAI£ 

MODEL SCAIE 

TOTAL DATA 



Area (Bieo.), ft^ 
Planfozm 

Jvl3.253 

0.127 

Span (Theo. ), in. 

315.72 

5.530 

Aspect Ratio 

1.675 

1.675 

Bate of Taper 

0.507 

0.507 

Taper Ratio 

0.404 

0.404 

Sweep Back Angles, degrees 
Leading Edge 
Trailing Edge 
0.25 Element line 

45.000 

26.25 

41.13 

45.000 

26.25 

41.13 

Chords: 

Root (Bieo.) WP 
Tip (Theo.) MP 
MAC 

Fus. Sta. of .25 MAC 
W.P. of .25 MAC 
B.L. of .25 MAC 

268.50 

108.47 

199.81 

1463.35 

635.52 

0.0 

4.699 

1.896 

3.497 

25.609 

11.122 

0.0 

Airfoil Section 

Leading Wedge Angle, deg. 
Trailing Wedge Angle, deg. 
Leading Edge Radius 

10.00 

14.92 

2.00 

10.00 

14.92 

2.00 

Void Area 

13.17 

0.0040 

Blanketed Area 

0.0 

0.0 
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TABLE III. (Continued) 
MODEL DIMENSIONAL DATA 


« 


MODEL COMPONENT: VERTICAL - V 30 


GENERAL DESCRIPTION: Slab sided vertical tail with ext^ded 

MODEL SCALE : 0.0175^ (S^ -O /iODsO 


DIMENSIONS: 
TOTAL DATA 


FULL SCALE 


^rea (Theo) - Ft2 
Planform 

Span - In. 

Aspect Ratio 
Rate of Taper 
Taper Ratio 

Sweep-Back Angles, Degrees 
Leading Edge 
Trailing Edge 
0.25 Element Line 

Chords : 

Root (Theo) WP 
Tip (Theo) WP 
MAC 

Fus. Sta. of .25 MAC 
W.P. of .25 MAC 
B.L. of .25 MAC 

Airfoil Section 

Leading Wedge Angle - Deg. 
Trailing Wedge Angle - Deg 
Leading Edge Radius 


442.299 

358.57 

~^.019 

0.507 

JD.323 

45.000 

26.25 

41.13 


268.50 

86.75 

I93.I2 

1474.87 

648.71 

0.0 


11.75 

0.0 

0.0 


Void Area 


0.0 


Blanketed Area 


0.0 


•pan 


MODEL SCALE 


0.135 

6.275 

2.019 

0.507 

0.323 

45.000 

^6.25 

41.13 


4.699 ' 

1.518 
3.380 
25.810 
11.352 
0.0 


11.75 

0.0 

0.0 


0.0 


0.0 


■I 


! 

i 
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TABLE III. MODEL DXMENsioBtt T3ATA (Continued). 

MODEL (X»tPONENT: WHIG - •'O) 

GENERAL DESCRIPTION: Configuration 5* NOTE: Identical to except 

airfoil thickness. Dihedral angle is along trailing edge of vlng. 
Geometric twist ■ 0. ’ 

DRAWING NO.: VL70-001*t0A, -000200 

FULL SCALE 


0.0175 


MODEL SCALE: 

DIMENSIONS: 

TOTAL DATA 
Area (*nieo.)^ 

Planfoimi 
Span (Theo.)> 

Aspect Ratio 
Rate of Taper 
Taper Ratio 

Dihedral Angle, degrees 
Incidence Angle, degrees 
Aerodynamic Twist, degrees 
Sweep Back Angles, degrees 
Leading Edge 
Trailing Edge 
0.25 Element Line 


MODEL SCALE 


2690.0 

936.68 

2.265 

1.177 

3.500 

0.500 


1 » 5.000 

10.056 

35.209 


0.824 

16.392 

2.265 

1.177 

3.500 

0,500 


45,000 

10.056 

35.209 


Chords: 

Root (Theo.) B.P.O.O. 
Tit), (Theo.) B.P. 

MAC 

Fus. Sta. of .25 MAC 
W.P. of .25 MAC 
B.L. of .25 MAC 
EXPOSED DATA 

Area (Theo.). ft^ 

Span, (Theo.), in. BPIO8 
Aspect Ratio 
Taper Ratio 


689.24 

137.85 

474.81 

1136.83 

290.58 

182.13 

1751.50 

720.68 

2.059 

0.245 


Chords 

Root BPIO8 562.^ 

Tip 1.00 b/2 137.85 

MAC 

Fus. Sta. of .25 MAC II85.98 

W.P. of .25 MAC 294.30 

B.L. of .25 MAC 251.77 

Airfoil Section (Rockwell Mod RASA) XXXX-64 

Root b/2 « 0.113 

Tip b/2 « 0.120 

Data for (l) of (2) Sides 


12.062 

2.412 

8. 309 
19.695 
5.085 
3.187 

0.536 

12.612 

2.059 

0.245 

9.837 

2.412 

6.875 

20.755 

5.150 

4.406 


0.113 

0.120 


Leading Edge Cuff 

Planform Area, ft^ 113*18 
Leading Edge Intersects Fus M.L. 6 Sta 500.00 
Leading Edge Intersects Wing ® Sta 1024.00 


0.035 

8.750 

17.920 
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TABLE III. MODEL DIMENSIONAL DATA (Concluded) 


MODEL C0K;>0N£^^^; WlN6»W^j .. 


GENCRAw OESCRiP j 

140A/B wing but with refinenrients; improved wing-boot»niidbo'dy f airing 

(Xq g 940 to Xq g 1040), Eleven split line relocated from Ypg 281 to Yq s 312. 5). 
MODEL SCALE; 0. 0175 . CS^'O 

TEST NO. DWG. WO. VL70-0001 40C. -000200B 


DIMENSIONS: 


FULL-SCALE 

MODEL SCALE 

TOTAL DATA 

Area (Theo.) Ft* 

Planfonn 


2690.00 

0.8 24 

Span (Theo In, 


936. 68 

16.392 

Aspect Ratio 


OTs 

1 . 265 

Rate of Taper 



"TT77 

Taper Ratio 


0.200 

0.200 

Dihedral Angle, degrees 


3.500 

3.500 

Incidence Angle, degrees 


0.500 

0. 5 00 

Aerodynamic Twist, degrees 


3.000 

3. 000 

Sweep Back Angles • degrees 

Leading Edge 


45. 000 

45. 000 

Trailing Edge 


. 10.065 

- 10.065 

0.25 Element Line 


35.209. 

35. 209 

Chords: 

Root (Theo) B. P.0.0* 
Tip, (Theo) B.P. 


689.24 

12. 062 


137.85 

2-»12 

MAC 


474.81 

8.309 

Fus. Sta. of .25 MAC 


1136.83 

19.895 

W.P. of .25 MAC 


— 29U.5r 

“r'UBS 

B.L. Of .25 MAC 




3.187 

EXPOSED DATA , 

Area (Tneo) Fv 


1751.50 

0.536 

Span, (Theo) In. BP108 


720. 68 

12. 612 

Aspect Ratio 


2.059 

^059 

Taper Ratio 


0 

C^245 

Chords 

Root BP108 


562. 09 

9.837 

Tip 1,00 b 


137,85 

^■412 

MAC ^ 


392.83 

6. 875 

Fus. Sta. of .25 MAC 


-mM- 

2D- 755 _ 

W.P. of .25 MAC 


4. 150 

B.L. of .25 MAC 


““551777“ 

4.406 

Airfoil Section (Rockwell Mod NASA) 



XXXX-54 

Root b ■ 


0.113 

0. 1 13 

7 

Tip b • 


0. 120 

0. 120 

7 




Data for (1) of (2) Sides 

Leadins Edee Cuff 

Planform Area Ft^ 

Leading Edge Interaecta Fus M. 
Leadlnt Edee Intersecta Wine P 


J13. lb 

D. Uib 

L. 8 Sta 
Sta 

500.00 

8. 750 

1024.0 

17.920 
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TABLE IV. MODEL 83-0, THERMOCOUPLE LOCATIONS 
AND SKIN THICKNESS 


CANOPY 


PATCH 




•03 VS 
S' 033i> 

•05Y.S' 
*0340 
. 0335' 
•09.^'^ 
•0990 

• CQ-HCb 
•09T I 

• oae? 

‘039& 

•0390. 

• 053Cp 

• O3op 
•0300 


Fuselage iZo - Poo 


35P 

33£T 

33(o 

337 

-356 

3P! 


L//J£ 


5 


•09S 

‘-250 

* oris 
•Zoo 
•30S 

• 3S0 
^HCC 


thickneis 

Sk'/A/(/H) 


•035S 

•03.67 

•cat.x 

•C3c& 

•0Q.b9 

•OSOCl 

•0079 

























table V. 


S6-0, WERMOOpBFtE UXMIlONS 4ND SKIN IHIOCNESS 


r n es 
MHg/ Scqjg 




Z#jch«» 
i<^tl Sal 





«T/t Mor accof^b 
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ruU^^CAi-d 

xo 


Fuu..%rAtji jJM>iec>j f'un.:irAt.c 

YO 20 


Sk is 

Thickness 
xn . 



45 

46 

47 

48 

49 

50 

51 


1312 .5 

103.47 

437 .62 

.039 

1312 .5 
♦ 

105 .65 

451.57 

.02 5 

1313 ,4 

99.92 

463.35 

.041 

1314 .2 

90.04 

474 .41 

.04 3 

1315.4 

81.42 

465.17 

.028 

1373 .7 

112.41 

501 .23 

.029 

1317 .8 

56 .21 

497.18 

.027 

1319 .2 

42.82 

495.98 

.031 

1322 .7 

113 .14 

434 .29 

.023 

1322 .9 

113 .90 

446 .10 

.033 

1323 .2 

115 .62 

459.73 

.029 

1323 .4 

110.38 

472 .01 

.036 

1324 .9 

101.55 

482 .44 

.031 


92 .10 

492.89 

.024 

1327 .3 

80.93 

501 .43 

.026 

1328 .5 

66 .91 

508 . 10 

.029 

1331.3 

54 .30 

510.38 

.029 

1332 ,4 

41.74 

504 . 13 

.028 

1336 .5 

114 .14 

437 .47 

.027 

1336 .1 

120 .76 

44 9 .66 

.034 

1336 .0 

124 .01 

462 .41 

.026 

1335.5 

119 .09 

475.11 

.028 

1336 .8 

110.33 

485.64 

.030 

1337 .4 

99.43 

495.69 

.029 

1338 .4 

88 .08 

504 .61 

.031 

1339.9 

76 .58 

512 .79 

.030 

1341 .3 

64 .09 

517 .49 

.026 

1343.2 

50 .13 

514 .51 

.030 

1344 .6 

38 .66 

506 .42 

.029 

1348 . 9 ■ 

111 .69 

427 .03 

.015 

1348 .0 

119 .71 

438 .95 

.023 

1346 .9 

126.4 0 

451.59 

.029 

• 1371.1 

137.31 

j 467 .72 

.037 

1347 .9 

123 .26 

' 478.95 

.029 

134 8 .6 

,114 .89 

48S .55 

.031 

1350 .0 

104 .37 

498 .45 

.031 

1350.9 

93 .15 

507.16 

.032 

1351.9 

81.63 

515.29 

.031 

1353 .3 

66 .97 

521 .19 

.029 

1355.5 

53.02 

520.43 

.033 

1356 .6 

42 .84 

512 .69 

.028 

1360.9 

115 .72 


.016 

1360.7 

124 .34 

441.15 

.023 

1359 .7 

130.58 

452 .74 

. 022 

1359 .5 • 

133 . 66 ' 

466 .35 

.053 

1359.8 

128 .57 

479.54 

.031 

1360.0 

119.66 

489.71 

.029 

1361.1 

109 .53 

499.35 

.026 

1362.4 V 

98 .70 

508 .42 

.027 

1363.8 . 

86 .87 

516 .86 

.029 

1365.3 1 

74 .61 ' 

524 .20 

.030 

1367.4 

60 .48 

524 .50 

.034 

1369.0 

48 .26 

518 .62 

.030 
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FIGUKE(l) MCDEL 56-0, IHERMOCOUPLE (T/c) LOC:A'1'IONS 



MODEL 60-0, THERMOCOUPLE LOCATIONS AND SKIN THICKNESS 



FIGURE (3) MOI>EL 60-0, ORRITAL MANll!\'ERING SYSTEM (OMS) 1X0 THERMtKtOUPLE (X/C) UXTATIONS 



Fi<iURE4- Model 83-0 Fuselase T/C Location 



(MoDeu SCALe 
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TABULATED SOURCE DATA 




Dataset 

Dataset 


Component 

4th Character 

Number 

Pages 

60-0 OMS POD 

0 

1-19 

1-98 


WINDOWS 

C 

1 

99-147 

1 

' VERTICAL TAIL 

V 

i 

148-196 

8: 

1-0 FUSELAGE 

B 

20-22 

197-220 


CANOPY 

C 

1 

221-244 

1 

' ESCAPE HATCH 

H 

i 

245-256 

56 

-0 FUSELAGE 

B 

23-24 

257-298 
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OHIIO. MODEL 60 - 0 , VERTICAL TAIL (SPEE 08 RAKE) (RA 6 V 03 ) 

VERT. TAIL ( 60 - 0 ) PARAMETRl'c DATA 
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OHllO. MODEL 83-0, ORBITER ESCAPE HATCH (RACH20) 

ESCAPE HATCH(83-0) PARAMETRIC DATA 
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